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a b s t r a c t
For sunflower producers in North Dakota, blackbird (Icterinae) damage is a chronic problem costing
millions of dollars annually. Sunflower damage surveys were last completed in the state in 1979e1980.
Since the last surveys, corn plantings have increased 6-fold to 1500  103 ha, whereas sunflower hec-
tarage has declined by >75% to 310  103 ha. Blackbirds forage on both crops, and this rapid change in
North Dakota’s agricultural landscape was a sound inducement for reassessing crop damage. Field sur-
veys are an important step in damage methods development because they are used for measuring ef-
ficacy, as well as assessing historical changes in the quality and quantity of damage. During 2009e2010,
we conducted damage surveys on corn and sunflower. We surveyed 120 randomly selected 3.2  3.2-km
plots in North Dakota’s Prairie Pothole Region. This region of numerous wetlands has historically pro-
duced the majority of the state’s sunflower crop, in addition to harboring a blackbird population of 25
million birds. Over the 2-year study, we measured damage in 68 cornfields and 27 sunflower fields.
Annual damage averaged 5.0  103 t (12 kg/ha, US $1.3 million) for corn and 7.2  103 t (45 kg/ha, US $3.5
million) for sunflower. Percentage damage was significantly greater in sunflower ðx ¼ 2:7%Þ than corn
ðx ¼ 0:2%Þ. The lower per-unit cost of producing corn makes it a potential lure crop for managing
blackbird damage to sunflower. However, the two crops should be phenologically synchronized because
corn matures earlier than sunflower and becomes less attractive to blackbirds.
Published by Elsevier Ltd.
1. Introduction
North Dakota annually leads North America in oilseed sunflower
production, but plantings in North Dakota have fallen over 75%,
from 1300  103 ha in the late 1970s to 310  103 ha today (NASS,
2013). The decline in sunflower has been precipitous in the Prairie
Pothole Region (PPR), especially in the central and southern por-
tions, which are renowned for their abundance of cattail-
dominated (Typha spp.) wetlands and concomitant large pop-
ulations of blackbirds (Icterinae) (Nelms et al., 1999; Ralston et al.,
2007). Sunflower damage caused by blackbirds generally ranks
third (behind plant spacing and disease) as the most limiting factor
on production (Kandel, 2013). Despite the likelihood of suffering
greater overall economic losses from other sources (e.g., disease
and insects), producer surveys have indicated consistently that
blackbirds are one of the leading causes of sunflower’s decline in
the PPR (Kleingartner, 2002; Klosterman, 2011; Kandel, 2013). This
outsized influence on producer perceptions in part results from the
lack of management techniques to significantly reduce damage,
which effectively makes blackbirds an unmanageable problem
and differentiates it from other potential sources of damage
(Kleingartner, 2002; Linz et al., 2011).
Of the three major blackbird species in North Dakota, red-
winged blackbirds (Agelaius phoeniceus L) cause the most damage
(Linz and Hanzel, 1997; Peer et al., 2003). According to North
American Breeding Bird Survey indices, the PPR of North Dakota
has some of the highest densities of red-winged blackbirds (RWBL)
on the continent (Sauer et al., 2013). Peer et al. (2003) used the
indices to estimate that 8.4 million RWBL were reproducing in
North Dakota’s PPR. By late summer, recruitment of young brings
the population to 12.2 million birds. When combined with the two
other resident populations of blackbirds, common grackles (Quis-
calus quiscula L) and yellow-headed blackbirds (Xanthocephalus
xanthocephalus Bonaparte), the late-summer population in the PPR
is 25.4 million (from Peer et al., 2003). Most blackbird damage
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(w75%) occurs between late August and mid-September
(Cummings et al., 1989). Blackbirds in North Dakota molt in late
August, which hampers their flight ability, causing them to remain
in natal areas (Linz et al., 1983). The majority of sunflower damage
is thus attributed to resident birds (Dolbeer, 1982).
The last statewide bird damage surveys for sunflower in North
Dakota were completed in 1979 and 1980 (Hothem et al., 1988).
Although described nominally as ‘statewide’ surveys, they were
largely conducted in the PPR (87% of the fields), where soil condi-
tions are conducive for producing high yields of sunflower. Annual
damage was 0.9% (18.3  103 t @ 13 kg/ha) and 2.6% (26.9  103 t @
30 kg/ha), respectively, which is equivalent to US $9.0 million and
$13.2 million at oilseed sunflower’s current price ($0.49/kg, [March
2013]). Agricultural practices have changed since these data were
gathered. For example, corn comprised only a small portion
(260  103 ha) of agricultural plantings during the late 1970s and
early 1980s. Corn became an economically important crop in North
Dakota in the early 2000s, and over the last decade has tripled to
1500  103 ha (NASS, 2013). Production increases were a result of
higher prices and concurrent introduction of hybrid corn varieties
better suited for the semi-arid climate and short-growing seasons
of the northern Great Plains.
Corn producers have reported instances of blackbird damage,
but no formal surveys have been conducted to document losses.
Most of the corn damage occurs in early August during the milk
stage and dough stage of kernel development, when kernels are
soft (Weatherhead et al., 1982). Blackbirds usually switch to alter-
nate food sources after the kernels harden (Linz et al., 1984). Sun-
flower damage occurs over a longer period than corn damage,
starting about mid-August and lasting until the fields are harvested
in October. The increase in corn production and the decrease in
sunflower production in North Dakota has created an interesting
dynamic in blackbird damage because corn and sunflower are both
highly preferred foods (Linz et al., 1984). To our knowledge, no
studies have measured damage in an agricultural landscape where
two crops preferred by blackbirds are so easily accessible. Addi-
tionally, more than three decades have passed since the last sun-
flower damage surveys were conducted in North Dakota. The rapid
change in crop compositions justified the need for new surveys.
Damage surveys are important part of management research
because they are used for evaluating potential efficacy of newly
developed methods, as well as evaluating techniques in current
use. Further, they can be used for measuring quantitative and
qualitative changes of damage over time. From 2009 to 2010, we
measured blackbird damage in mature sunflower and cornfields in
120 randomly selected 3.2  3.2-km plots in the PPR.
2. Methods
2.1. Study area
Our study area (95,200 km2) was in the Drift Prairie and Mis-
souri Coteau physiographic regions (Fig. 1). These regions
comprised just over one-half of North Dakota’s land area. The
topography of the PPR consisted of gently rolling ground moraines
interspersed by flat extents of lake plains created from the Wis-
consin Glaciation. The soils were glacial lake plain and glacial till
plain, being highly permeable sandy loams and loamy sands.
Originally an expansive region of nearly treeless mixed-grass
prairie, most of the area has now been converted to cropland,
with about 60% of the land in harvestable crops. Moderately
extensive tracts of native prairie still exist, but they are often
heavily grazed. Small shallow-basined wetlands (potholes) pocked
the region. Wetland density averaged 7/km2 and area totaled
Fig. 1. The strata of the Prairie Pothole Region of North Dakota with locations of 120 sites used for bird damage surveys.
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13  103 km2 (Ralston et al., 2007). Hybrid cattail (Typha glauca)
was a common emergent in many of the larger wetlands. Semi-
permanent wetlands, which harbor the largest number of black-
birds, contained 54% of the 2103 km2 of cattail in the PPR (Ralston
et al., 2007). Single arrays and multiple linear arrays of trees
(shelterbelts) were planted throughout the region to reduce soil
erosion. Lengthy unpredictable periods of above normal and below
normal precipitation cause cyclic filling and drying of wetlands. The
climate was mid-continental characterized by cold winters and
warm summers. Temperatures ranged from 42 to þ45 C, with a
long term 30-yr average temperature of 5 C. Average annual total
precipitation was 49.5 cm, with 75% occurring between April and
September. Based on biogeography, the Drift Prairie was portioned
into the following strata: Northeast Drift Plains (NEDP), Northwest
Drift Plains (NWDP), and Southern Drift Plains (SODP) (Stewart and
Kantrud, 1971).
2.2. Damage estimates
We estimated bird damage after the crops had reached full
physiological maturity in late September. We used 120 randomly
selected 3.2  3.2-km plots proportionally allocated among the
Missouri Coteau (MICO) and the three biogeographical strata
(Ralston et al., 2007). We sampled all corn and sunflower fields
occurring in a 1.6-km2 area located in the center of each 3.2  3.2-
km plot. We divided each sampled field into an equal number of
rows. One rowwas randomly selected from each half. For each row,
the first sample plot of 5 consecutive plants was a randomly
selected distance between 0 m (i.e., field edge) and 135 m. There-
after, our sample plots of 5 consecutive plants were located every
135 m until the end of the field. Generally, a minimum of 6 plots
were sampled per row because fields were typically planted in 804-
m lengths or multiples of that. If an uncultivated area existed in the
row,we paced through it maintaining the 135-m sampling distance.
Plots falling on uncultivated areas were recorded as ‘no plants’ with
pacing reset to zero. Unsampled plots were not replaced.
For sunflower, to determine the area available for damage, we
averaged 2 perpendicular tapemeasurements of the damaged head
and undeveloped center (light-colored, immature achenes). Sun-
flower damage was estimated using a 5-cm2 gridded template
(Dolbeer, 1975). Undamaged heads were left unmeasured and
0 cm2 was recorded. The percent damage on each head was
calculated by dividing the area of bird damage (i.e., missing
achenes) by the area of achenes potentially available for damage
(i.e., minus undeveloped area) and multiplying by 100. We calcu-
lated percent loss for each sunflower field by averaging the percent
loss of all heads in all sampled plots. Corn damagewas estimated by
measuring the length and circumference of damaged ears along
with length and width of the damaged area. Percent damage was
estimated by dividing the damaged area by the product of ear
length and circumference and multiplying by 100. Percent loss was
calculated similarly to sunflower. Percent loss was calculated for
each crop by physiographic strata and all strata pooled.
We used GIS and USDA Cropland Data Layer digital maps to
estimate corn and sunflower coverage in the PPR. We used the
database of the National Agricultural Statistics Service for estimates
of crops harvested, production, and pricing (NASS, 2013). Economic
damage was reported using March 2013 commodity prices in US
dollars (corn $0.27/kg, sunflower $0.49/kg).
2.3. Statistical analysis
We used arithmetic means and standard errors to describe
central tendency and accuracy of the damage estimates. We used
WilcoxoneManneWhitney tests to assess statistical differences in
damage within crop type between years and between crop types
for years pooled. Statistical significance was accepted at a < 0.10.
3. Results
Blackbird damage to corn and sunflower averaged 5.0  103 t
(12 kg/ha) and7.2103 t (45 kg/ha), respectively (Table1). Production
losses were $1.3 million for corn and $3.5 million for sunflower. For
fields pooled over years, percent damage was nearly 14 greater in
sunflower ðx ¼ 2:7%Þ than corn ðx ¼ 0:2%Þ. Noneof the 68 cornfields
surpassed 10% damage and 3 (4%)were between 1% and 2%. Of the 27
sunflowerfields, 3 (11%)were>10%damage, 8 (30%)werebetween1%
and 10%, and 16 (59%) were <1%. In total, 4 fields had damage >5%,
which is often considered a significant level of damage. The greatest
damage per field for corn (1.5%) occurred in 2009 in theMICO and for
sunflower (20%) in 2009 in the SODP. For corn, damagewas greater in
2009 ðx ¼ 0:2%; 13 kg=haÞ;whereas sunflowerdamagewasgreater
in 2010 ðx ¼ 3:3%; 54 kg=haÞ (Table 1). No difference was detected
betweenyears for damage estimates of corn (U30, 38¼ 674.5, P¼ 0.20)
or sunflower (U15, 12¼ 99.0, P¼ 0.68).Withyears pooled, bird damage
was significantly less for corn than sunflower (U68, 27 ¼ 1489.0;
P < 0.001).
Corn was planted in the PPR at 2.5 the coverage of sunflower
(Table 1). Agricultural producers kept a consistent planting pattern
between 2009 and 2010 with 82% of the cornfields (n ¼ 56)
occurring in the SODP and 63% of the sunflower fields (n ¼ 17) in
the NWDP. For fields pooled over years, corn damage was lowest in
the SODP (x ¼ 0:1%, SE ¼ 0.04, n ¼ 56) and highest in MICO
(x ¼ 0:4%, SE ¼ 0.36, n ¼ 4); sunflower damage was lowest in the
NWDP (x ¼ 0:7%, SE ¼ 0.21, n ¼ 17) and highest in the SODP
(x ¼ 8:8%, SE ¼ 5.80, n ¼ 3). About 57% and 46% of North Dakota’s
total corn and sunflower plantings, respectively, occurred within
the PPR.
Table 1
Corn and sunflower hectarage, production, and blackbird (Icterinae) damage from surveys in 120 randomly selected plots (3.2  3.2-km) in the Prairie Pothole Region of North
Dakota.
Category Corn Sunflower
2009 2010 x SE 2009 2010 x SE
Planted (103 ha) 437 399 418 19.5 182 144 163 18.7
Production (106 tonnes) 3.2 3.3 3.2 0.07 0.3 0.2 0.3 0.04
Damage
Fields (n) 30 38 15 12
% 0.2 0.1 0.2 0.02 2.2 3.3 2.7a 0.56
Tonnes (103) 6 4 5 0.7 7 8 7 0.5
Kg/ha 13 11 12 1.1 37 54 45 8.4
$US/ha 3.50 2.92 3.21 0.29 18.05 26.24 22.14 4.10
$US total (106) 1.5 1.2 1.3 0.2 3.3 3.8 3.5 0.3
a Damage for fields pooled over years greater in sunflower than corn (P < 0.001).
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4. Discussion
Regional surveys of blackbird damage in field crops in central
and northern areas of the U.S. rarely exceed 2%. For example,
average corn damage was 0.6% over 8 annual statewide surveys in
the Midwest (Dolbeer, 1981). Four surveys conducted in North
Dakota in the 1970s and early 1980s showed that sunflower dam-
age averaged 1.5% (Henne et al., 1979; 1979 [unpublished report];
Hothem et al., 1988). Including our regional surveys, which had
comparatively higher damage for sunflower and lower damage for
corn, none approached the 5% threshold level of damage, which is a
level at which some methods of damage abatement can become
economically justified (Dolbeer, 1981; Linz and Homan, 2011; Linz
et al., 2011). However, blackbird damage has a non-uniform dis-
tribution in the PPR, and regional estimates cannot adequately
portray the magnitude of the effects on sunflower agriculture and
agricultural practices. During the damage period, blackbirds are
forming large pre-migratory assemblages in cattail-dominated
wetlands. Densities can exceed 3000 birds/ha (Leitch et al., 1997).
The activity areas of pre-migratory blackbirds are about 300 km2
and are focused on wetlands (Besser et al., 1979). Flocking
behavior combined with limited ranges of activity leads to an in-
verse relationship between the distance from wetlands and
severity of bird damage, which in turn causes damage to be
spatially clumped (Besser et al., 1979; Dolbeer, 1981; Otis and
Kilburn, 1988). Although regional estimates can provide a broad
overview of the scope of damage, they tend to understate the
impact of clumped damage. We speculate that clumping of sun-
flower damage has had a pervasive effect, leading to regionalized
abandonment of sunflower.
The effect is particularly noticeable in the central and southern
areas of the PPR, where cattail-dominated wetlands are in abun-
dance (Ralston et al., 2007). Bird pressure on the crop ultimately
causes some producers to drop sunflower from their rotations. The
localized decline in crop availability causes increased damage rates
(kg/ha) for neighboring producers because sunflower is preferred
and sought after by blackbirds. This cyclically leads to even more
producers abandoning the crop over an ever widening area until
the crop begins to disappear from the region. Our damage surveys
in the SODP, where corn dominates in coverage over sunflower by
16:1, seem to support the hypothesis of bird damage contributing
toward regional declines of sunflower. The SODP, which in the early
1980s held the greatest number of sunflower plantings, now has
the lowest hectarage of sunflower among the 4 strata, the highest
average percent sunflower damage (9%), and the highest damage
per field (20%).
Low regional crop coverage associated with high regional dam-
age demonstrates the general relationship between absolute dam-
age e relative damage, wherein absolute damage in a landscape or
region is practically invariable (based upon feeding and energy re-
quirements of the at-large population) and relative damage is
strongly and inversely dependent on a crop’s areal coverage (Leitch
et al.,1997). For example, the strata in our study that had the highest
plantings by crop type (Corne SODP, SunflowereNWDP)were also
the same strata where respective damage was lowest. In the PPR,
sunflower was planted at 40% the coverage of corn, and it was not
unexpected that sunflower damage would be greater than corn.
First, the foraging impact measured in kg/ha was amplified by the
smaller coverage of sunflower. Perhaps more importantly, sun-
flower with its higher energy content and longer period of suscep-
tibility to depredation led to greater levels of damage thanwould be
expected based solely on areal coverages of the two crops alone.
Comparable region-wide sunflower damage surveys have been
conducted three other times in North Dakota (1978e1980). During
1978e1980, 87% of the sunflower was planted in the 37 counties
comprising the PPR (NASS, 2013). Thus, we believe that valid
comparisons can be made between our surveys and these earlier
ones. Compared to previous surveys, our study demonstrates that
not only do more fields have >10% damage, but that damage rates
(as measured by kg/ha) have climbed. The surveys by Hothem et al.
(1988) showed that fields in the damage category of >10% were
rare; for example, in 1979 they comprised <2% of the samples. In
our study, 11% of the fields had>10% damage. Even more indicative
is the change in damage rates over the 30-year period since the last
surveys. Hothem et al. (1988) reported damage rates in the PPR of
13 kg/ha (1300  103 ha planted in PPR counties) and 30 kg/ha
(830  103 ha) in 1979 and 1980, respectively, whereas (Henne
et al., 1979; Henne et al., 1979 [unpublished report]) reported a
damage rate of 18 kg/ha (560  103 ha) in 1978. Our damage rates
were 37 kg/ha (180  103 ha) and 54 kg/ha (140  103 ha) in 2009
and 2010, respectively. Indeed, the difference in damage rates be-
tween our study and the 1978e1980 studies may be even greater,
because according to Hothem et al. (1988), the 30 kg/ha rate
included anomalous data from Stutsman County. Perusal of these
data indicate a damage rate of 256 kg/ha, yielding a countywide
loss of 17  103 t. This estimate represented 95% of the sunflower
damage that was tallied in North Dakota in 1979 and 65% of the
damage in 1980. To put this amount of damage in further
perspective using a bioenergetics analysis developed by Peer et al.
(2003) for blackbirds in the northern Great Plains, Stutsman County
alone in 1980 would conceivably have had to host the entire
blackbird population (w75 million) in the northern Great Plains
(including Canada) for the full 42-day damage period.
5. Conclusions and management implications
None of the ten counties that were leaders in sunflower pro-
duction in North Dakota in 1980was in the list of top ten counties in
2010. The geographical center of the top ten counties in 2010 (60 km
NE of Bismarck) was located 170 kmwest of the geographical center
of the top ten counties in 1980 (120 km NW of Fargo). The 1980
geographical center was located in the central portion of SODP,
whereas the 2010 center was onwestern edge of theMICO. In South
Dakota, a similar westward movement of production also occurred
over the same period. South Dakota is second behind North Dakota
in sunflower production, and it also has extensive PPR coverage in
the eastern third of the state. South Dakota had only one county
from the 1980 list of top ten sunflower producing counties that was
on the 2010 list. The geographical center of production of the 2010
top ten counties had shifted westward 160 km from the 1980
geographical center. The 1980 center had moved from the Drift
Plains physiographic region in the northeastern part of the state to
the western edge of the Missouri Coteau.
However, unlike North Dakota, the decline in sunflower plant-
ings in South Dakota stopped in 2003, stabilizing at approximately
200  103 ha. The stabilization in plantings suggests that the
continued declines in North Dakota may not be related to compe-
tition from regional or world markets. Moreover, recent surveys of
sunflower diseases (primarily, downy mildew and sclerotinia) do
not indicate any physiographical differences in severity of disease
outbreaks (Kandel, 2013). We hypothesize that market economics
and disease are not related to the westward movement of pro-
duction and that it is instead being driven by a retreat from the
physiographic regions having high densities of semi-permanent
wetlands and accompanying large populations of blackbirds.
We acknowledge that there are other factors besides blackbird
damage causing the decline of sunflower in the PPR. Certainly,
corn-based ethanol initiatives have had an effect and the devel-
opment of glyphosate-resistant soybean has also led to large in-
creases in plantings of this crop. However, sunflower was already in
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decline in North Dakota by the mid-1980s, long before these rela-
tively new agricultural developments occurred. Intuitively, it does
not seem that an organism that causes damage only ranging from
2% to 3% should have such an effect as to cause a crop’s original
center of production to move nearly 200 km. However, in com-
parison to other sources of damage and loss, blackbird damage
appears to have both economic and psychological components. Not
only is it a form of unmanageable damage that occurs after crop
inputs have reached their maximum, but the source of damage is
easily visible to the producer and it occurs near harvest, when
anticipation of success is highest. We argue that these factors
working in concert will discourage sunflower producers over time
and cause a regional abandonment of the crop, as has occurred in
North Dakota and South Dakota.
To our knowledge, our damage surveys were the first that
compared blackbird damage between two highly preferred crops.
Our results indicated that blackbirds foraged heavily in both crops.
Because of large differences in field production and unit pricing,
corn could possibly serve as a lure crop, particularly if planted be-
tween sunflower and habitats heavily used by blackbirds. The
plantings would need to be synchronized to match differences in
phenology between the two crops because corn loses its attrac-
tiveness to blackbirds as the kernels harden. Lastly, lure crops are
more effective when harassment techniques (e.g., propane can-
nons, pyrotechnics) are used to deter foraging in fields intended for
protection (Linz et al., 2011).
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